The aim of the study was to assess the content of Ca, Mg, Na and K in the road dust collected in Białystok from various environments (roads with high traffic intensity, housing estate roads, roads located near parks and green areas), in order to determine the impact of the road transport on the spatial differentiation of the content of the tested components in street dust and identify their main sources. In total, the samples from 69 points were analyzed, which were taken in spring 2018 (late April and May) during the dry weather. The content of Ca, Mg, Na and K was determined by means of atomic absorption spectrometry (AAS). The average contents of the tested elements in the dust from all measuring points were in the following order: Ca (23.53%) > Mg (2.38) > Na (1.16) > K (0.25). This shows that Ca is the most numerous element in the tested dusts. Studies have not shown a significant impact of vehicle traffic, in particular the so-called non-exhaust sources related to this traffic on the content of main elements in the Białystok road dusts. The analyses have indicated that the main source of Ca and Mg in the Białystok road dust constitute the structural elements of roads, bridges and structures, in which building cement and its derivatives are the main component.
INTRODUCTION
Road (street) dust is a loose material on the road surface resulting from the sedimentation of solid particles from the environment. The sources of road dust vary in terms of space and time (Pirjola et al., 2010; Amato et al., 2012; Chen et al., 2012) . Their common sources include the processes of abrasion of brake pads and tires in motor vehicles moving on road surfaces (Denier van der Gon et al., 2012; Lee et al., 2013; Panko et al., 2013) . Various types of road works and the use of salt in winter for non-slip purposes are also a common source of road dust (Kupiainen and Pirjola, 2011; Kupiainen et al., 2016) . The dusts from surrounding areas bordering roads, such as arable fields, construction sites and gravel roads vary significantly depending on the geographical location, climate and season. Lower emissions occur on the roads where cars travel at a higher speed, while the emissions in the city center are higher. The temporal variability of dust emissions is also affected by the meteorological conditions, due to rainfall and high humidity inhibiting its emission (Amato et al., 2014) . According to Gustafsson et al. (2019) , the road dust load is usually the highest from mid-winter to early spring, while the lowest occurs in early autumn and late spring. According to Amato et al. (2017) , traffic volume and vehicle speed on the street affect the amount of road dust remaining on the surface. Rexeis and Hausberger (2009) predict that the share of non-exhaust particles will constantly increase and by the end of 2020, they will amount to approximately 90% of pollutant emissions from communication sources. The dust also includes natural materials such as leaves and other plant fragments that can be powered by traffic (Qiao et al., 2011) . Road dust contains high levels of sulfates, chlorides, nitrogen compounds, phosphates, calcium, potassium, sodium, magnesium, and heavy metals that limit their use and management (Bartkowiak et al., 2017). The main components of road dusts are Ca, C, Al, Mg, Fe, S, K and Na (Jancsek-Turczi, 2013). A similar set of components was also shown by other studies (Vega et al., 2001 , Zhao et al., 2006 . The high Ca content in road dust in cities can indicate a large impact of anthropogenic emissions such as construction work. The Ca/Al ratio can be taken as an indicator to distinguish the geological sources from the urban or extra-urban areas . Shen et al. (2016) used this indicator to track the urban dust sources from local or longrange transport. The subject of this study is the street dust testing based on the material collected in Bialystok. Białystok (294 153 inhabitants) is a city located in the north-eastern part of Poland. It is not a large enough to develop its transport infrastructure including metro or trams; there are only the public transport buses. The street dust studies have not yet been carried out in Bialystok, only the content of trace elements in urban soil was tested.
The aim of the study was to assess the content of Ca, Mg, Na and K in road dust collected in Białystok from various environments (roads with high traffic intensity, housing estate roads, roads located near parks and green areas), in order to determine the impact of road transport on the spatial differentiation of the content of tested components in street dust and identify their main sources.
RESEARCH METHODOLOGY

Study area
The city of Białystok (53°07′59″N and 23°09′51″E) is located in the north-eastern Poland and covers an area of 102.12 km 2 . There are 294 153 inhabitants in Białystok and the population density is 2 880 people per km 2 . The largest area in the land use structure is occupied by the built-up and urbanized land, and about 32% of the city is covered by green areas. The city has the most park forests in the southern and northern parts of the city. The city has a moderate climate with the following annual averages: temperature 6.6°C, precipitation 586 mm, wind speed 10.1 km·h -1 . Brown and podzolic soils are dominant in the city.
Sampling and sample preparation
The research points were divided into three groups: high congestion (13 680-30 720 vehicles per day), small congestion -housing estate roads (4 800-18 000 vehicles per day) and potentially non-polluted areas where there is potentially no heavy traffic -around parks and areas green (2 640-9 120 vehicles per day). In total, the samples from 69 points were analyzed ( Figure 1 ), which were taken in spring (late April and May) during the dry weather in 2018. The road dust was collected from both sides of the road lane at the curbs. The area from which the samples were taken was one square meter (1 m 2 ). The samples were collected by sweeping about 500 g of material with a brush and a clean plastic scoop into plastic self-sealing polyethylene bags and subsequently transporting it to the laboratory. Then, the street dust was dried in the laboratory at room temperature. After drying, it was sieved through a 1 mm nylon sieve to remove large stones and plant debris, then again dried in an oven at 110°C. The dried samples were ground in an automatic agate mortar. All sampling and handling procedures were carried out without contact with metals to avoid potential contamination.
Analytical procedures
The street dust in the amount of 0.5 g was mineralized with hydrochloric and nitric acid in a 3:1 volume ratio in a closed microwave system. All determinations were performed in triplicate. The samples after filtration were transferred quantitatively into 50 ml graduated flasks. The content of Ca, Mg, Na and K was determined by means of atomic absorption spectrometry (AAS) on an AAS ICE 3500 Thermo Scientific spectrometer. All solutions were prepared using ultra-pure water. The glassware used for the determination was soaked in nitric acid (8%) and washed with tap water, followed by thorough rinsing with deionized water. The results of the street dust analyses were verified using the certified reference material (Certificate No. 0217-CM-700I-04, 7003). The measurement results of standard reference material showed good compliance with the certified values. The obtained results pertaining to the contents of tested Ca, Mg, Na and K are given in relation to air-dry dusts.
Statistical analysis
All statistical analyses were performed using the licensed Statistica software -ver. 13.3 for Windows. The Shapiro-Wilk test was used to verify normal distribution. The results were considered statistically significant with a probability of error p<0.05. The Spearman's correlation analysis was used to investigate the relationship between metals in road dust and identify their sources. The correlation coefficient was used to measure the interrelationships between two metals. Multivariate statistical analysis (PCA) was also used for the analysis, which is often applied to identify the sources of dust pollution (Lu et 
RESULTS AND DISCUSSION
Four major elements were tested (Ca, Mg, Na and K) in 69 samples of road dust collected in Białystok along streets with high and low traffic in Table 1 .
The tests of the main elements Ca, Mg, Na and K in 69 samples of the road dust collected in Bialystok along roads with high and low traffic intensity and in the areas potentially not contaminated with metals from car transport are presented in Table 1 . It was found that the average content of elements in road dusts assume the following order: Ca>Mg>Na>K. The average content of Ca, Mg and Na in the dusts from all examined areas were similar except for K, the content of which in the dusts from potentially unpolluted area was more than twice higher (0.46%) than its content in the dusts from areas with high (0.21%) and small congestion (0.21%). Around the potentially unpolluted areas, there are large areas of lawns, shrubs and trees, which can increase the contact of road dust with the soil present there. The research conducted by Pakuła and Kalembasa (2012) shows that the K content in soils is very similar to its content in the road dust. The results of the research achieved in this paper confirmed this relationship.
The largest differences occurred between the values of the variation coefficients for Ca, Mg and Na, K in each area studied. The Na and K coefficients of variation were about 2-4 times higher in each area than the Ca and Mg coefficients. At the same time, normal distributions of the Ca and Mg content were found, in contrast to Na and K, for which no such distributions were present. On the other hand, Na and K are characterized by high variability, which may indicate their more anthropogenic nature.
The Ca content in the road dust from Białystok ranged from 1.13% to 38.11%. These were higher amounts of this element than those from the studies by Ordonez et al. (2002) for the dust in the city of Aviles (Spain) (9.08%-12.0%). Similarly as in the case of Ca, there was also higher Mg content in the Białystok dust ranging from 0.29% to 4.52%, in comparison with the dust from Aviles, where the Mg content was in the range from 0.94% to 1.28%. The research by Zawadzki (1999) showed the Na content in the Polish soils ranging from 0.18% to 0.37%. The content of Na in the road dusts from Białystok ranged from 0.04% to 6.72%; thus, their range is much wider than the range in soils. In this case, the use of agents containing large amounts of salt for deicing the street surfaces has the greatest impact on the formation of the Na content in the tested dusts. In comparison with the Na content (0.03-0.05%) in the road dust in Aviles (Ordonez et al. 2002), the Na content in the dust from Białystok is much higher. The tests showed a similar K content in the Białystok dust (0.01%-1.78%) and Polish soils (0.01%-2.00%). The road dust in the city of Aviles showed lower K contents ranging from 0.09% to 0.23%. As shown in Table 1 , the congestion does not significantly affect the content of the main elements in the Białystok road dust, as opposed to e.g. heavy metals, the tests of which were carried out by the authors of this work. Other studies indicate that the formation of yjr Na, Mg and Ca content in the road dust from high traffic areas may be related to the movement of vehicles, coal combustion, road pavement materials and the use of deicing materials (Yatkin and Bayram, 2008; Bućko et al., 2010) .
The Spearman correlations between the tested elements in the street dust are presented in Table 2 . The analyses showed a significant correlation of Ca and Mg at the level of r=0.66, which may indicate common sources of both elements related, among others, with the construction works carried out on the examined roads. Ca and Mg are common components of all types of building cements used to build roads, bridges and building components. These are factors inseparably associated with streets (roads) affecting the content of Ca and Mg in dust. Due to the above, the demonstrated variability of Ca and Mg in dusts was at a fairly even level. However, no significant correlation was found between Na and K, which may indicate a lack of a common source of both elements. As previously noted, an important source of Na in the Białystok dust are the activities related to the removal of icing -sprinkling salt on road surfaces. The main salt component is primarily Na, less often K. The main source of K includes the soils surrounding roads and streets, in particular those occurring in the areas of parks, forests and potentially unpolluted areas.
Development of the statistical data using PCA allowed for the identification of potential sources of main elements (Table 3) . Table 3 shows two factors explaining a total of 83% of variation. Factor 1 is the most important, because it explains most of the variation (50%) and is correlated with Na and K. As previously noted, the sources of Na and K are salt sprinkling operations to remove icing on road surfaces. The second factor is already less important, because it explains 33% of the variance and indicates the origin of Ca and Mg from road elements, structures and bridges.
The study also uses the cluster analysis in the Ward version based on measuring the distance of Euclidean similarities (Yongming et al. 2006; Lu et al. 2010 ). In Figure 2 , three groups are distinguished: group 1 (Ca), group 2 (K, Na and Mg), group 3 (K and Na). Classification of the main elements was largely dependent on their content, which had its own range for each class. In group 1, the highest content of Ca was noted, and in group 3, the lowest content of Na and K.
CONCLUSIONS
The average contents of the tested elements in the dust from all measuring points were in the following order: Ca (23.53%) > Mg (2.38) > Na (1.16) > K (0.25). This shows that Ca is the most numerous element in the tested dusts. Studies have not shown a significant impact of vehicle traffic, in particular the so-called non-exhaust sources related to this traffic on the content of main elements in the Białystok road dusts. The analyses have shown that the main source of Ca and Mg in the Białystok road dust includes structural elements of roads, bridges and structures, in which building cement and its derivatives are the main component. However, the main source of Na and K in the tested dusts involves the activities related to sprinkling salt and roads in winter in order to deice them. Considering literature reports, the Na and K content in road dusts are seasonal. Therefore, their content found in the spring may reach their maximum in comparison with, for example, the autumn and winter period. A fairly common source of main elements in the studied material corresponds to the soils surrounding the roads and streets, from which, as the research shows, the most potassium originate. 
